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Abstract. The present work focuses on the control strategy concerning the 
propulsion system of a variable pitch turboprop aircraft. Extremely common 
solution for the management of the propulsion system of existing variable 
pitch turboprop aircraft considers a two-lever system for the control of both 
the turboprop output power and the propeller thrust. Such an approach 
translates, on one hand into a greater pilot responsibility and, on the other 
hand, into higher costs in terms of fuel consumption, aircraft maintenance 
and pilot training. In order to solve these drawbacks, an one-lever system for 
the control of the variable pitch turboprop aircraft propulsion system has 
been proposed. The design of this one-lever propulsion control has been 
carried at first by developing the whole aircraft ecosystem in Simulink© 
framework and then by implementing the control algorithm of the one-lever 
system.   

1 Introduction  
The aircraft flight dynamics is highly affected by the thrust generation mode produced by 

the propulsion system. From this point of view, the propulsion system has a great impact on 
the final aircraft mission. Generally speaking, the thrust generation relies on the momentum 
conservation principle [1]. This means that, in order to provide a given thrust, it is possible 
to vary the momentum of the propulsion system outlet gases performing either a significant 
speed variation on a limited gas flow rate or a modest speed variation on a large gas flow 
rate. The former approach is achieved by turbojet propulsion system which yields the best 
performance in terms of efficiency and thrust at quite high aircraft Velocity True Air Speed 
(VTAS). These features are particularly appreciated when high aircraft VTAS is required. Fast 
military fighter planes employ these kinds of propulsion system [2].  

On the other hand, the second approach is mainly achieved by propeller-based propulsion 
systems. Such aircrafts reach the best operating conditions at low VTAS. In particular, the 
variable pitch turboprop aircrafts are generally heavier and more complex with respect to 
turbojet ones with similar maximum engine power output. Nevertheless, since the turboprop 
aircrafts reach higher efficiency values in subsonic regime, they can produce quite important 
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level of thrust at low speed, i. e., during the takeoff and climb phases. This makes such aircraft 
very attractive for cargo applications (high payload at average speed). This aspect translates 
in a number of advantages: 

• since the air mass flow rate through the propeller is quite large and the required gases 
acceleration is modest, the thrust-specific fuel consumption of the turboprop aircrafts is 
smaller than that of turbojet ones;  

• since the variable pitch turboprop aircrafts yield large thrust at low VTAS, they are able 
to take off and to land on shorter runways than is normally required turbojet-based 
aircrafts.  

• since the propeller-based propulsion systems experience less severe conditions with 
respect to turbojet ones, the maintenance costs are lower [3].  

Historically, the first turboprop aircrafts were equipped with fixed pitch propellers which 
were designed with a small angle of attack in order to allow a rapid takeoff; however, as a 
drawback, the maximum aircraft velocity during the cruise phase was limited. In order to 
increase the maximum aircraft velocity, keeping a high thrust value at low speed (rapid take-
off), these aircrafts have been equipped with variable pitch propellers [4]. As a consequence, 
the propulsion management system, called Constant-speed propeller, requires two 
independent control inputs (two-levers), to regulate at same time the gas turbine output power 
(power lever) and the propeller rotational speed (condition lever) [5]. Nevertheless, such an 
approach increases the pilot workload since he, not only, has to ensure the correct aircraft 
navigation, but, to keep the propeller maximum efficiency condition, he also has to provide 
the most appropriate values of the engine output power (power lever) and propeller rotational 
speed (condition lever). The degree of achievement of this latter task, which depends upon 
the pilot expertise, strongly affects the cruise fuel consumption. Furthermore, due to the 
complexity of the two-lever system the costs of the aircraft maintenance and of the pilot 
training are higher with respect to those of a fixed pitch propeller aircraft.  

Due to all these considerations, a great interest has developed in recent years regarding 
the one-lever system for the management of the aircraft propulsion. Moreover, the one-lever 
approach results in quite evident advantages not only in terms of overall efficiency, but also 
for flight safety thanks to the reduction of maintenance operations on the engine.  

2 Variable pitch turboprop aircraft model  
The implementation of the proposed one-lever control system for the management of the 
aircraft propulsion system has been carried by developing the mathematical model of each 
aircraft component in the in Simulink© framework which allows an object-oriented 
approach. As a result, the Simulink© framework allowed to provide a whole aircraft 
ecosystem which simulates with an adequate level of accuracy the aircraft flight dynamics 
and the aerodynamic interactions of the aircraft with the external surroundings. Such a 
turboprop aircraft ecosystem mathematical model has been constituted by different modules 
that interact each other, as sketched in Fig. 1: the co-axial twin shaft gas turbine whose low 
pressure shaft drives the propeller; the aircraft trajectory module which acquires and develops 
the aircraft trajectory; the aircraft aerodynamic interactions module which takes into account 
the aircraft interactions with the external environment; an environment module which 
provides the environment conditions and allows to change the working conditions when the 
external conditions change.  
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Fig. 1. Mathematical model logic scheme in Simulink© framework. 

Fig. 1 illustrates the logic interactions of each module and the model information flow of the 
aircraft system. For validation purpose, the aircraft system model outputs have been 
compared with a particular flight design condition (table 1), specified in [6]. 

Table 1. Flight design conditions. 

Design condition Value 

Absolute Flight speed [m/s]  34.01 

Altitude [m]  0 

Ambient air temperature [K]  288.15 

Ambient air pressure [bar] 1.013 

Compressor pressure ratio  9.40 

Air mass flow rate [kg/s]  4.18 

Compressor thermal efficiency  0.77 

High pressure turbine speed [rpm]  37500 

2.1 Turboprop propulsion system  

From Ref. [7] the variable pitch turboprop propulsion system mathematical model has been 
implemented in Simulink© framework, including the propeller and gearbox model. 
Specifically, the gas turbine engine is a twin spool, where the low-pressure shaft drives the 
variable pitch propeller; it is composed by the inlet diffuser, the high-pressure turbine shaft, 
which drives the compressor, the combustion chamber, and the low-pressure power shaft, 
connected to the propeller. Each one of these components has been modeled according Ref. 
[8] and they have connected each other in the Simulink© environment, as shown in Fig. 2. 
In the same figure, it is possible to notice that the turboprop propulsion system block inputs 
are represented by the fuel mass flow rate, the low-pressure shaft load (propeller) and the 
ambient conditions; on the other hand, the block outputs are the mechanical power and the

3

E3S Web of Conferences 197, 11012 (2020)
75° National ATI Congress

https://doi.org/10.1051/e3sconf/202019711012



 

 

Fig. 2. Gas turbine engine scheme in Simulink© framework. 

  

Fig. 3. Simulink© compressor map. Fig. 4. Simulink© high pressure turbine map. 

 

 

Fig. 5. Simulink© low pressure turbine map. Fig. 6. Simulink© propeller map. 

rotational speed of the low-pressure shaft. The diffuser block output variables are given by: 

 

 

(1) 

where M ka and Rair are the air Mach number, specific heat ratio and elastic constant, 
respectively, whereas cpm01 represents the mean constant pressure specific heat. 

The compressor block employs the output of the diffuser block, which, in turn, receives the 
ambient conditions as inputs; moreover, the compressor needs data concerning the high-
pressure shaft in order to uniquely determine the working conditions of the compressor map. 
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In this regard, since the actual maps of the turboprop system components (compressor, 
turbines and propeller) were no available, pre-generated generic maps, available in 
Simulink© libraries, have been employed. Figures 3- 6 provide the Simulink© components 
(compressor, high pressure turbine, low pressure turbine and propeller) pre-generated map. 
As far as Fig. 6 is concerned CP and J are the Power coefficient and the Advance ratio, 
respectively, defined as: 

  
(2) 

where PPROP, N and D represent the power, the rotational speed and tip diameter of the 
propeller; on the other hand, ρ and V are the air density and the aircraft velocity. Of course, 
in order to tailor such generic maps to each component, a map scaling process has been 
carried out [9]. From the compressor map, the output variables are given by: 

 

 

(3) 

being βc, T2 and p2 the compression ratio, and the outlet air temperature and pressure, 
respectively. On the other hand, ηis,c, 𝑚!̇  and Pc indicate the compressor isentropic efficiency, 
the mass flow rate and the requested power. Considering the burner block, the outlet gas 
temperature, pressure and mass flow rate, T3, p3 and 𝑚"̇  can be determined as: 

 
 

(4) 

where f is the air-fuel ratio, 𝑚#$%̇  and 𝑚&̇  indicate the air and the fuel mass flow rates whereas 
hgc, hair and hb represent the gas, air and fuel specific enthalpy, respectively. Moreover, ηb is 
the burner efficiency, Hi is the fuel Lower Heating Value and yb represents the combustor 
pressure loss. From the burner block outlet variables, it is possible to determine the gas 
conditions at the high-pressure turbine inlet (Fig. 7), which, in turn, (after tuning the high-
pressure turbine map) permits to determine the high-pressure turbine output power by using:  

  (5) 

being βHPT, T4 and p4 the high-pressure turbine expansion ratio, and the outlet gas temperature 
and pressure, respectively. Moreover, ηt and ηm indicate the high-pressure turbine isentropic 
and mechanical efficiency, respectively, whereas Rgc and 𝑚'̇  represent the gas elastic 
constant and mass flow rate. At this point, considering the high-pressure shaft dynamical 
equilibrium, the compressor and high-pressure turbine blocks are able to evaluate their 
respective working point variations.  

As far the low-pressure turbine is concerned, the working conditions can be determined 
considering the equilibrium of the low-pressure shaft which depends upon, on one hand, the 
output variables coming from the high-pressure turbine block, i.e. gas temperature, pressure 
and mass flow rate, and, on the other hand, the torque demanded by the propeller. The low-
pressure turbine main equations are given by: 

 
(6) 

Cp =
Pprop

⇢N3 D5
J =

V

N D
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Fig. 7. Burner and high-pressure turbine in Simulink© framework. 

 

Fig. 8. Propeller and gearbox scheme in Simulink© framework. 

being T5 and p5 the low-pressure turbine inlet gas temperature and pressure, respectively, 
whereas, ηt and ηmt,EL indicate the low-pressure turbine isentropic and mechanical efficiency. 
Finally Pax,t represents the output low-pressure turbine power. 

In order to achieve the target rotational speed, the torque produced by the low-pressure 
turbine has to equal to that opposed by the external load which is represented by the propeller 
(see Eqs. (2)). Specifically, the propeller, which is connected to the low-pressure shaft by 
means of a gearbox, is responsible for the production of almost the entire thrust needed for 
the aircraft to fly (a residual portion of the thrust is supplied by the gas ejection nozzle located 
in the rear section of the gas turbine engine). In order to evaluate the low-pressure shaft 
working conditions, it necessary determine the thrust required to maintain the aircraft to a 
given VTAS. In fact, for given VTAS, ambient conditions, airfoil angle of attack and propeller 
rotational regime, the propeller thrust and drag (propeller resistance torque) are uniquely 
defined. As illustrate in Fig. 8, such an information is provided by a specific block embedded 
in the propeller block that, considering the external air condition (yielded by the block 
Ambient), carries out the aircraft translation equilibrium. Since the demanded thrust is 
directly affected by the propeller blades angle of attack, which, in turn, depends by the blades 
pitch angle, it is possible to state that blades pitch angle determines propeller working 
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condition or, in other words, it defines the equilibrium value of the propeller rotational speed 
(proportional to the low-pressure shaft rotational speed). Nevertheless, there is not a unique 
value for the pitch angle that provides the necessary thrust level for a specific flight condition. 
The reason is because the pitch angle can be varied within an interval providing the same 
thrust level, as long as the propeller rotational speed is accordingly modified. Of course, 
different blades pitch angle - propeller rotational speed configurations do not have the same 
performance in terms of airfoil efficiency, propeller promptness response and control effort. 
In this perspective, during the flight operations, the most experienced pilots, using two-levers 
commands, can use different approaches, trying to optimize one of the mentioned criteria; on 
the contrary, the less experienced ones just carry out the flight operations with no particular 
attention to the employed approach. In the present paper the blades pitch angle - propeller 
rotational speed configuration has been chosen in order to make sure that during the aircraft 
operations the propeller blades maintain the maximum airfoil efficiency. Such a 
configuration has been selected considering the turboprop propulsion system mathematical 
model as the model reference of a model-based controller [6][7]. This choice represents a 
first step solution in order to evaluate the feasibility of the one-lever approach with respect 
the traditional two-lever one.  

For the aforementioned reasons, the input variables of the propeller block are given by 
the aircraft VTAS and the ambient conditions whereas the output ones are represented by the 
propeller needed power and the low-pressure shaft rotational speed.  

  
Fig. 9. Lift SAAB 340 characteristics. Fig. 10. Drag SAAB 340 characteristics. 

2.2 Aircraft dynamics  

As stated in the previous section, in order to keep the aircraft in stationary flight, it has been 
necessary to determine the adequate level of thrust. This assignment has been carried out by 
the aircraft dynamic block which considers the aircraft equilibrium in a vertical plane flight. 
Therefore, it has been necessary to provide specific information concerning the aircraft; in 
this paper, the SAAB 340 aircraft has been chosen as study case, not only because this aircraft 
features and mission well matches the modelled turboprop propulsive system but also for the 
data availability in terms of aircraft characteristics and flight data. The equilibrium equations 
in vertical plane flight not only involve the propulsive system thrust and the aircraft weight, 
but also the entire aircraft lift and drag are necessary. Since the present work focuses on the 
control of the turboprop propulsive system and an accurate calculation model for the aircraft 
lift and drag would be beyond the scope of this paper, only educated estimation [10] for the 
aircraft lift and drag have been provided. In this perspective, Figures 9 and 10 illustrates 
realistic lift and drag characteristics for the SAAB 340 aircraft. In order to complete the whole 
aircraft ecosystem, it is convenient to provide the ambient conditions for each aircraft cruise 
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velocity and altitude. This assignment is accomplished by the Ambient block that 
implements, from Ref. [11], the mathematical model for the calculation of the air 
thermodynamic conditions.  

 
Fig. 11. Trajectory block scheme in Simulink© framework. 

3 Results  
In this section will be presented the performance results regarding the application of the 
proposed one-lever approach for the control of the turboprop propulsion system. In particular, 
two different flight maneuvers have been considered and both of them have been carried out 
by using the proposed one-lever approach. For comparison purposes it would be interesting 
to execute such maneuvers adopting the traditional two-lever approach; unfortunately, these 
data are not easy to find. Nevertheless, some concluding remarks can still be made.  

  
Fig. 12. Simple Takeoff - aircraft altitude vs. 
Time. 

Fig. 13. Simple Takeoff - aircraft velocity vs. 
Time. 

As mentioned earlier, in order to perform such maneuvers an aircraft reference as study case 
has been selected: the SAAB 340. The reasons behind this choice not only are due to the 
features and mission of this aircraft that well matches the modeled turboprop propulsive 
system but also lies on the data availability in terms of aircraft characteristics and flight data. 
This latter aspect allowed to build the block Trajectory which, in turn, has been able to 
provide the realistic trajectory data in terms of altitude, aircraft speed, angle of climb and 
aircraft acceleration for the SAAB 340 main maneuvers in vertical plane flight (Fig. 11).  
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Fig. 14. Simple Takeoff - aircraft angle of 
climb vs. Time. 

Fig. 15. Simple Takeoff - aircraft fuel 
consumption vs. Time. 

The first considered flight maneuver is the Simple Takeoff which neglects the runway 
acceleration and consider the aircraft with an initial velocity equal to 34.04 m/s reaching a 
final level flight condition at the altitude of 2000 m, as shown in Figures 12, 13 and 14. This 
maneuver has been carried out considering three different payload conditions: minimum load 
(8036 kg), medium load (10483 kg) and maximum load (12930 kg). Fig. 15 summarizes the 
required fuel mass flow rate for the three different payload conditions. It is noteworthy that 
for the two-lever approach, during the Simple Takeoff maneuver, the power lever is set in 
takeoff position which corresponds to the maximum power request from the gas turbine 
engine. Consequently, the required fuel mass flow rate still stands at maximum level 
regardless of the considered payload. From Fig. 15, the single lever solution not only results 
in a fuel saving at maximum payload condition with respect the two-lever approach, but it 
also permits to adapt the fuel consumption to the actual payload condition. Figures 16, and 
17 illustrate the propeller thrust and pitch angle. From the former figure, it is possible to 
notice that the one-lever solution considers that the necessary thrust not only reduces when 
the payload decreases, but, for a given payload, it experiences a lowering trend; on the other 
hand, considering the two lever approach, since the power lever is set in takeoff position 
(maximum low pressure turbine power), it easy to conclude that the thrust level time behavior 
is fairly higher than the one corresponding to the one lever approach. This aspect confirms 
that the one lever method offers a more efficient control of the turbo- prop propulsive system 
with respect the two-lever one. As far the blade propeller pitch angle is concerned, Fig. 17 
shows the time history variation related to the three payloads condition. The blade pitch angle 
represents the manipulating (control) variable which ensure the maximum efficiency 
condition for the blade airfoil. Fig. 18 reports the gas turbine high pressure and low-pressure 
rotational speed corresponding, for conciseness, just for the maximum load conditions. 
Focusing on the low-pressure rotational speed, it is remarkable that these time trends are 
coupled to those correlating to the blade pitch angle (at respective load condition, Fig. 17) in 
order to maintain the maximum airfoil efficiency during the maneuver. For completeness, 
Fig. 19 reports, for the one-lever approach, the two-lever equivalent position during the 
Simple Takeoff maneuver with maximum payload.  

The second maneuver is the Simple Descent and, similarly to the previous test case, it takes 
place in a vertical plane. Figures 20, 21 and 22 illustrate the main aircraft trajectory flight 
parameters of the Simple Descent maneuver, i. e., aircraft altitude, velocity and angle of 
climb. Again, the minimum, medium and maximum payload conditions have been tested. 
Likewise, to the Simple Takeoff case, Fig. 23 depicts the fuel mass flow rate for the Simple 
Descent maneuver. Nevertheless, unlike the Simple Takeoff, since in the present case the 
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pilot maneuver data are not available, it is not possible to compare the one lever results with 
those deriving from the two-lever approach. 

  
Fig. 16. Simple Takeoff - aircraft propeller 
thrust vs. Time. 

Fig. 17. Simple Takeoff - aircraft propeller 
pitch angle vs. Time. 

 
 

Fig. 18. Simple Takeoff – Gas turbine shaft 
speed vs. Time. 

Fig. 19. Simple Takeoff – two-lever equivalent 
position vs. Time. 

However, considering the two-lever approach, different pilots would achieve the same flight 
operation (Simple Descent) with different performance in terms of airfoil efficiency, propeller 
promptness response and control effort. From a cursory look at Fig. 23, also in this case, the 
one lever method adjusts the fuel consumption to the actual payload condition. Accordingly, 
figures 24, and 25 show the propeller thrust and pitch angle at each payload condition. Again, 
these time trends reflect the particular maneuver imposed by the pilot and, for each payload 
condition, a distinct trust and pitch angle time behavior is indicated. This latter consideration 
allows to remark that the proposed one-lever controller for the turboprop propulsion system 
is not an autopilot. On the contrary, it supports the pilot during the maneuver providing the 
requested power in maximum propeller efficiency condition. In fact, if the pilot had 
performed a different Simple Descent (Glide) maneuver, according figures 20, 26 and 27, the 
one-lever controller would respond with different values for fuel mass flow rate, thrust and 
blade propeller pitch angle with respect to those illustrated in figures 23, 24 and 25. For 
conciseness, concerning the Glide Simple Descent maneuver, only fuel mass flow rate time 
history has been reported in Fig. 28. This latter result confirms that the proposed one lever 
controller is able to manage the propulsive system in order permitting the pilot to focus on 
the flight maneuver.  
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Fig. 20. Simple Descent – aircraft altitude vs. 
Time. 

Fig. 21. Simple Descent – aircraft velocity vs. 
Time. 

 

 

Fig. 22. Simple Descent – aircraft angle of 
climb vs. Time. 

Fig. 23. Simple Descent – aircraft fuel 
consumption vs. Time. 

  
Fig. 24. Simple Descent – aircraft propeller 
thrust vs. Time. 

Fig. 25. Simple Descent – aircraft propeller 
pitch angle vs. Time. 

4 Conclusions  
In the present work the control strategy concerning the propulsion system of a variable pitch 
turboprop aircraft has been considered. Most of the variable pitch turboprop aircrafts adopt 
for the managing of the propulsion system the well settled solution composed by a two-lever 
system for the control of both the engine output power and the propeller thrust. The two-
levers system requires, on one hand, a greater pilot expertise since he, not only, has
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Fig. 26. Glide Simple Descent 
- aircraft velocity vs. Time 

Fig. 27. Glide Simple Descent 
- aircraft angle of climb vs. 
Time 

Fig. 28. Glide Simple Descent - 
aircraft fuel consumption vs. 
Time 

to ensure the correct aircraft navigation, but, in order to keep the propeller maximum 
efficiency condition, he also has to provide the most appropriate values of the engine output 
power (power lever) and of the propeller rotational speed (condition lever); on the other hand, 
the two-lever control management results in higher costs in terms of fuel consumption, 
aircraft maintenance and pilot training. In order to overcome these disadvantages, a one-lever 
system for the control of the variable pitch turboprop aircraft propulsion system has been 
proposed. The one-lever approach, for given flight condition (required thrust, aircraft 
Velocity True Air Speed and ambient conditions) is able to determine blades pitch angle - 
propeller rotational speed configuration in order to make sure that during the aircraft 
operations the propeller blades maintain the maximum airfoil efficiency. In this paper, the 
one lever control management system has been designed considering a model-based 
approach. Specifically, the turboprop propulsion system mathematical model represented the 
model reference of the one-lever model-based controller. In order to test the proposed one 
lever system, not only the turboprop propulsion system mathematical model had been 
developed, but the entire aircraft ecosystem has been taken into account. Such an aircraft 
whole system has been implemented in Simulink© framework including the aircraft dynamic 
model, the aircraft trajectory calculation and the ambient condition model. All the results 
have been remarkably encouraging, showing better performance in terms of efficiency and 
fuel consumption. 
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